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(57) ABSTRACT

Provided are a polymer electrolyte membrane used in fuel
cells, and a method for producing the same, the method
including a step of filling a crosslinkable ion conductor in the
pores of a porous nanoweb support; and a step of crosslinking
the ion conductor filled in the pores of the porous nanoweb
support. The method for producing a polymer electrolyte
membrane uses a relatively smaller amount of an organic
solvent, can ameliorate defects of the support caused by sol-
vent evaporation, and can enhance the impregnability of the
ion conductor to the support and the convenience of the pro-
cess.
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1
POLYMER ELECTROLYTE AND
PREPARATION METHOD THEREOF

TECHNICAL FIELD

The present invention relates to an electrolyte used in fuel
cells, and more particularly, to a polymer electrolyte mem-
brane for fuel cells.

BACKGROUND ART

Fuel cells are cells that directly convert the chemical
energy generated by oxidation of a fuel to electrical energy,
and attention is being paid to the fuel cells as a next-genera-
tion energy source due to their environment-friendly features
of high energy conversion efficiency and reduced contami-
nant discharge.

A fuel cell generally has a structure in which an anode and
a cathode are formed, with an electrolyte membrane inter-
posed therebetween, and such a structure is called a mem-
brane-electrode assembly (MEA).

Fuel cells can be classified into alkaline electrolyte fuel
cells, polymer electrolyte membrane fuel cells (PEMFC), and
the like, and among them, polymer electrolyte membrane fuel
cells are attracting more attention as power source appara-
tuses for portable, automobile and domestic applications, due
to their advantages such as a low operation temperature such
as below 100° C., fast starting and fast response characteris-
tics, and excellent durability.

A representative example of such a polymer electrolyte
membrane fuel cell is a proton exchange membrane fuel cell
(PEMFC) that uses hydrogen gas as the fuel.

To briefly describe the reaction occurring in a polymer
electrolyte membrane fuel cell, first, when a fuel such as
hydrogen gas is supplied to an anode, an oxidation reaction of
hydrogen occurs at the anode, and thereby hydrogen ions
(H*) and electrons (") are produced. The hydrogen ions (H")
thus produced are transferred to a cathode through a polymer
electrolyte membrane, and electrons (e”) thus produced are
transferred to the cathode through an external circuit. Oxygen
is supplied to the cathode, and oxygen binds with hydrogen
ions (H*) and electrons (e7), and water is produced by a
reduction reaction of oxygen.

Since the polymer electrolyte membrane is a channel
through which the hydrogen ions (H*) produced at the cath-
ode are transferred to the cathode, the polymer electrolyte
membrane should essentially have excellent conductivity for
hydrogen ions (H*). Furthermore, the polymer electrolyte
membrane should have excellent separation capability of
separating hydrogen gas that is supplied to the anode and
oxygen that is supplied to the cathode, and should also have
excellent mechanical strength, dimensional stability, chemi-
cal resistance and the like, and characteristics such as a small
ohmic loss at a high current density are required.

One of those polymer electrolyte membranes that are cur-
rently in use may be an electrolyte membrane made of a
perfluorosulfonic acid resin as a fluororesin (hereinafter,
referred to as “fluorine ion conductor”). However, a fluorine
ion conductor has weak mechanical strength, and thus has a
problem that when used for a long time, pinholes are gener-
ated, and thereby the energy conversion efficiency is
decreased. In order to increase the mechanical strength, there
has been an attempt of using a fluorine ion conductor having
anincreased membrane thickness; however, in this case, there
is a problem that the ohmic loss is increased, and the use of
expensive materials increases, so that the economic efficiency
is low.
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In order to address such problems, there has been sug-
gested a polymer electrolyte membrane having enhanced
mechanical strength by impregnating a porous polytetrafluo-
roethylene resin (trade name: TEFLON) (hereinafter,
referred to as ““Teflon resin), which is a fluororesin, with a
liquid-state fluorine ion conductor. In this case, the hydrogen
ion conductivity may be somehow inferior as compared with
polymer electrolyte membranes composed of a fluorine ion
conductor alone; however, the impregnated polymer electro-
lyte membrane is advantageous in that the polymer electro-
lyte membrane has relatively superior mechanical strength,
and can therefore have a reduced thickness, so that the ohmic
loss is decreased.

However, since a Teflon resin has very poor adhesiveness,
there are limitations on the selection of the ion conductor, and
in the case of products produced by applying fluorine ion
conductors, the products have a disadvantage that the fuel
crossover phenomenon occurs conspicuously as compared
with hydrocarbon-based ion conductors. Furthermore,
because not only fluorine ion conductors but also porous
Teflon resins are highly expensive, there still is a demand for
the development of a new inexpensive material for the mass
production of fuel cells.

DISCLOSURE
Technical Problem

An object of the present invention is to provide a method
for producing a polymer electrolyte membrane, which uses a
relatively smaller amount of an organic solvent, can improve
defects of the support caused by solvent evaporation, and can
enhance the ability of the ion conductor to impregnate the
support, and the convenience of the process.

Another object of the present invention is to provide a
polymer electrolyte membrane having enhanced dimensional
stability and tensile strength.

Technical Solution

In order to achieve the objects described above, the method
for producing a polymer electrolyte membrane according to
an aspect of the present invention includes a step of filling a
crosslinkable ion conductor in the pores of a porous nanoweb
support; and a step of crosslinking the ion conductor filled in
the pores of the porous nanoweb support. The crosslinking of
the ion conductor may be carried out by applying heat at a
temperature of 150° C. to 200° C.

The crosslinkable ion conductor may be a low molecular
weight ion conductor having a weight average molecular
weight of 1,000 g/mol to 50,000 g/mol.

The crosslinkable ion conductor may contain any one
crosslinkable substituent selected from the group consisting
of'a monovalent aliphatic hydrocarbon containing a carbon-
carbon triple bond, a monovalent aliphatic hydrocarbon con-
taining a carbon-carbon double bond, an epoxy group, and
combinations thereof, at any one position selected from the
group consisting of the main chain, the chain ends, and com-
binations thereof.

The crosslinkable ion conductor may be any one selected
from the group consisting of a sulfonated polyimide (S-PI), a
sulfonated polyarylethersulfone (S-PAES), a sulfonated
polyether ether ketone (S-PEEK), a sulfonated polybenzimi-
dazole (S-PBI), a sulfonated polysulfone (S-PSU), a sul-
fonated polystyrene (S-PS), a sulfonated polyphosphazene,
and combinations thereof.

The crosslinkable ion conductor may be a compound rep-
resented by the following formula (1):
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[Chemistry Figure 1]

Zl—[—/—(—O—X-)a—/—(—O—SArl-)b—/—(—O—Arl-)c—/—(-O—Arz-)d—/-]—O—Zz

wherein in the formula (1), SAr, represents a divalent sul-
fonated aromatic hydrocarbon; Ar, and Ar, each indepen-
dently represent a divalent aromatic hydrocarbon; X repre-
sents a divalent aromatic hydrocarbon containing a
crosslinkable substituent; Z, and Z, each independently rep-
resent a crosslinkable substituent or a monovalent aromatic
hydrocarbon containing a crosslinkable substituent; a, c and d
each independently represent a number from 0 to 0.999; b
represents a number from 0.001 to 1.000; and n represents an
integer from 10 to 500.

SAr, may be any one selected from the group consisting of
compounds represented by the following formulas (2-1) to
(2-4):

[Chemistry Figure 2-1]
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Ar, and Ar, each independently represent any one selected
from the group consisting of compounds represented by the
following formulas (3-1) and (3-2):
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[Chemistry Figure 3-2]
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X may be any one selected from the group consisting of
compounds represented by the following formulas (4-1) and
(4-2):
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7, and 7, each independently represent any one selected
from the group consisting of compounds represented by the
following formulas (5-1) to (5-4):

[Chemistry Figure 5-1]
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In the formulas (2) to (5), B, to B; each independently
represent any one selected from the group consisting of a
halogen group, an alkyl group having 1 to 5 carbon atoms, and
aperfluoroalkyl group having 1 to 5 carbon atoms; R', andR',
each independently represent any one selected from the group
consisting of

2
_Yl
O
R3, and *_A;

M™ represents a counter cation having a monovalent positive
charge; e, represents an integer of 0 or 1; f; represents an
integer from 1 to 3; e, represents an integer of 0 or 3; f,
represents an integer from 1 to 3; e, represents an integer of 0
or 4; {5 represents an integer from 1 to 4; g, to g; each
independently represent an integer from O to 4; h, to hg each
independently represent an integer from Oto 4; i represents an
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integer from O to 2; Y, and Y, each independently represent
any one selected from the group consisting of a single bond,

*— Q) * [ J— * *—C * *_ﬁ *
(6]
Ry R4 Ry
_(lj *—éi * and *_Il) *;
I I |
Rs Rs o]

and R, to R each independently represent any one selected
from the group consisting of a hydrogen atom, a halogen
group, an alkyl group having 1 to 5 carbon atoms, and a
perfluoroalkyl group having 1 to 5 carbon atoms.

According to another aspect of the present invention, there
is provided a polymer electrolyte membrane including a
porous nanowet support, and an ion conductor that is filled
inside the porous nanoweb support and is crosslinked.

The crosslinked ion conductor may be any one selected
from the group consisting of a crosslinked sulfonated poly-
imide, a crosslinked sulfonated polyarylethersulfone, a
crosslinked sulfonated polyether ether ketone, a crosslinked
sulfonated polybenzimidazole, a crosslinked sulfonated
polysulfone, a crosslinked sulfonated polystyrene, a
crosslinked sulfonated polyphosphazene, and combinations
thereof.

The crosslinked ion conductor may be a crosslinked prod-
uct of a compound represented by the following formula (1):

Zl—[-/—60—Xﬁa—/—60—SArﬁb—/—60—ArﬁC—/—60—

wherein in the formula (1), SAr, represents a divalent sul-
fonated aromatic hydrocarbon; Ar, and Ar, each indepen-
dently represent a divalent aromatic hydrocarbon; X repre-
sents a divalent aromatic hydrocarbon containing a
crosslinkable substituent; Z, and Z, each independently rep-
resent a crosslinkable substituent a monovalent aromatic
hydrocarbon containing a crosslinkable substituent; a, c and d
each independently represent a number from 0 to 0.999; b
represents a number from 0.001 to 1.000; and n represents an
integer from 10 to 500.

SAr, may be any one selected from the group consisting of
compounds represented by the following formulas (2-1) to
(2-4):

[Chemistry Figure 2-1]
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[Chemistry Figure 2-3]
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15 Ar, and Ar, each independently represent any one selected
from the group consisting of compounds represented by the
following formulas (3-1) and (3-2):

$
* (Bﬁﬁ *
A

GO

\

N,
T

/

[Chemistry Figure 3-1]

[Chemistry Figure 3-2]

* (By

30

[Chemistry Figure 1]
Arﬁd—/-]—o—z2
n

X may be any one selected from the group consisting of
compounds represented by the following formulas (4-1) and
(4-2):
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from the group consisting of compounds represented by the
following formulas (5-1) to (5-4):
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-continued
[Chemistry Figure 5-3]
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In the formulas (2) to (5), B, to B, each independently
represent any one selected from the group consisting of a
halogen group, an alkyl group having 1 to 5 carbon atoms, and
a perfluoroalkyl group having 1 to 5 carbon atoms; R', andR',
each independently represent any one selected from the group
consisting of

Ry
| Ry Ry

*—Y T =] > < o
R/ .Y, Ry, and *_A;

M™ represents a counter cation having a monovalent positive
charge; e, represents an integer of O or 1; f; represents an
integer from 1 to 3; e, represents an integer of 0 or 3; f,
represents an integer from 1 to 3; e, represents an integer of 0
or 4; f; represents an integer from 1 to 4; g, to g; each
independently represent an integer from 0 to 4; h, to h each
independently represent an integer from 0to 4; i represents an
integer from O to 2; Y, and Y, each independently represent
any one selected from the group consisting of a single bond,

(€]
I I
*—0 * *——Q * *—C * *— g *
|
(6]
) | )
—C [ — ] * and *—P *
I I |
Rs Rs

and R, to R each independently represent any one selected
from the group consisting of a hydrogen atom, a halogen
group, an alkyl group having 1 to 5 carbon atoms, and a
perfluoroalkyl group having 1 to 5 carbon atoms.

The porous nanoweb support may contain any one selected
from the group consisting of nylon, polyimide, polybenzox-
azole, polyethylene terephthalate, polyethylene, polypropy-
lene, polytetrafluoroethylene, polyarylene ether sulfone,
polyether ether ketone, copolymers thereof, and combina-
tions thereof.

The porous nanoweb support may contain nanofibers hav-
ing an average diameter of 0.005 um to 5 pm.

The porous nanoweb support may have a porosity of 50%
to 98%, and may have pores having an average diameter of
0.05 um to 30 pum.
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Advantageous Effects

The method for producing a polymer electrolyte mem-
brane according to the present invention uses a relatively
smaller amount of an organic solvent, can ameliorate the
defects of the support caused by solvent evaporation, and can
enhance the impregnability of the ion conductor to the sup-
port and the convenience of the process. Furthermore, the
polymer electrolyte membrane according to the present
invention has enhanced dimensional stability and tensile
strength.

DESCRIPTION OF DRAWINGS

FIG. 1 is a process flow diagram showing the method for
producing a polymer electrolyte membrane according to an
embodiment of the present invention.

BEST MODE

Hereinafter, the present invention will be described in more
detail.

The definitions of the terms used in the present specifica-
tion are as follows.

Unless particularly stated otherwise herein, the alkyl group
encompasses a primary alkyl group, a secondary alkyl group
and a tertiary alkyl group.

Unless particularly stated otherwise herein, the perfluoro-
alkyl group means an alkyl group in which a portion of the
hydrogen atoms or all the hydrogen atoms have been substi-
tuted by fluorine atoms.

Unless particularly stated otherwise herein, the halogen
group means any one selected from a fluorine atom, a chlorine
atom, a bromine atom, and an iodine atom.

Unless particularly stated otherwise herein, all the com-
pounds or substituents may be substituted or unsubstituted.
Here, the term “substituted” means that a hydrogen atom in
such a compound or substituent has been replaced by any one
selected from the group consisting of a halogen atom, a
hydroxyl group, a carboxyl group, a cyano group, a nitro
group, an amino group, a thio group, a methylthio group, an
alkoxy group, a nitrile group, an aldehyde group, an epoxy
group, an ether group, an ester group, a carbonyl group, an
acetal group, a ketone group, an alkyl group, a pertluoroalkyl
group, a cycloalkyl group, a heterocycloalkyl group, an allyl
group, a benzyl group, an aryl group, a heteroaryl group,
derivatives thereof, and combinations thereof.

Unless particularly stated otherwise herein, the aliphatic
hydrocarbon is a hydrocarbon compound having 1 to 30
carbon atoms, which does not contain a benzene ring, and the
aliphatic hydrocarbon may have a chain-like structure, a
branched structure, or a non-aromatic cyclic structure. Ali-
phatic hydrocarbons can be classified into alkanes in which
the molecular chain contains single bonds only, alkenes in
which the molecular chain contains doubles bonds, alkynes in
which the molecular chain contains triple bonds, and the like.
Examples of the aliphatic hydrocarbon include chain-like
hydrocarbons, higher fatty acids, and esters thereof.

Unless particularly stated otherwise herein, the aromatic
hydrocarbon means a monocyclic or polycyclic compound
having 6 to 30 carbon atoms and containing one or more
benzene ring, or a derivative thereof, and examples thereof
include phenyl compounds having a benzene ring; com-
pounds having a benzene ring with alkyl branches, such as
toluene and xylene; compounds having two or more benzene
rings linked via a single bond, such as biphenyl; compounds
having a benzene ring fused with a cycloalkyl group or a
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heterocycloalkyl group, such as fluorene, xanthene and
anthraquinone; and compounds having two or more fused
benzene rings, naphthalene and anthracene.

The polymer electrolyte membrane according to an
embodiment of the present invention includes a porous
nanoweb support, and an ion conductor that is filled in the
inside of the porous nanoweb support and is crosslinked.

The porous nanoweb support is composed of aggregates of
nanofibers that are three-dimensionally connected in an
irregular and non-continuous manner, and therefore, the
porous nanoweb support contains a large number of pores that
are uniformly distributed. The porous nanoweb support con-
taining a large number of uniformly distributed pores has
excellent gas or ion conductivity.

The pore diameter, which is the diameter of the pores
formed in the porous nanoweb support, may be in the range of
0.05 um to 30 um. If pores are formed to have a pore diameter
of less than 0.05 pm, the ion conductivity of the polymer
electrolyte membrane may deteriorate, and if the pore diam-
eter exceeds 30 pum, the mechanical strength of the polymer
electrolyte membrane may deteriorate.

Furthermore, the porosity that represents the extent of for-
mation of pores in the porous nanoweb support may be in the
range of 50% to 98%. If the porosity of the porous nanoweb
support is lower than 50%, the ion conductivity of the poly-
mer electrolyte membrane may deteriorate, and if the porosity
is higher than 98%, the mechanical strength and morphologi-
cal stability of the polymer electrolyte membrane may dete-
riorate.

The porosity (%) can be calculated based on the ratio of the
volume of air relative to the total volume of the porous
nanoweb support, as shown by the following mathematical
formula (1):

Porosity(%)=(volume of air/total volume)x100 [Math FIG. 1]

At this time, the total volume of the porous nanoweb sup-
port is calculated by producing a rectangular-shaped sample
of the porous nanoweb support, and measuring the width,
length and thickness of the sample. The volume of air in the
porous nanoweb support may be obtained by measuring the
mass of the porous nanoweb support sample, and then sub-
tracting the polymer volume that has been calculated back-
ward from the density, from the total volume of the porous
nanoweb support sample.

The porous nanoweb support is composed of aggregates of
nanofibers that are three-dimensionally connected in an
irregular and non-continuous manner. The average diameter
of the nanofiber may be in the range 0f 0.005 um to 5 pm. If
the average diameter of the nanofiber is less than 0.005 pum,
the mechanical strength of the porous nanoweb support may
be decreased, and if the average diameter of the nanofiber is
greater than 5 um, the porosity of the porous nanoweb support
may not be easily controlled.

The nanofiber may be any one selected from the group
consisting of fibers made of nylon, polyimide, polybenzox-
azole, polyethylene terephthalate, polyethylene, polypropy-
lene, polytetrafluoroethylene, polyarylene ether sulfone,
polyether ether ketone, copolymers thereof, and combina-
tions thereof, but the nanofiber is not intended to be limited to
these.
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The porous nanoweb support can be formed to have a
thickness of 5 um to 20 pm. If the thickness of the porous
nanoweb support is less than 5 pm, the mechanical strength
and morphological stability of the polymer electrolyte mem-
brane may deteriorate, and if the thickness of the porous
nanoweb support is greater than 20 um, the ohmic loss of the
polymer electrolyte membrane may increase.

The ion conductor is a substance that implements the func-
tion of ion conduction, which is the principal function of a
polymer electrolyte membrane, and as the ion conductor, a
hydrocarbon-based polymer that has excellent ion conduc-
tion function and is advantageous in terms of price can be
preferably used, but the ion conductor is not limited thereto.
Particularly, for the facilitation of the process of filling the ion
conductor inside the pores of the porous nanoweb support, a
hydrocarbon substance which is soluble in organic solvents
can be more preferably used.

The ion conductor is an ion conductor obtained by filling a
low molecular weight, crosslinkable ion conductor in the
interior pores of the porous nanoweb support, and then
crosslinking the ion conductor. In the case of filling a high
molecular weight ion conductor in the porous nanoweb sup-
port, a method of preparing an ion conductor solution by
dissolving the high molecular weight ion conductor in a large
amount of an organic solvent, and then soaking the porous
nanoweb support in the ion conductor solution, or applying
the ion conductor solution on the surface of the porous
nanoweb support, or the like may be used. However, in this
case, in the course of removing the organic solvent from the
solution, defects may be formed on the surface or in the
interior of the porous nanoweb support, and such defects may
cause an increase in the film resistance of the polymer elec-
trolyte membrane and a decrease in the film performance.
Therefore, in order to prevent the defects, a process of remov-
ing the organic solvent in a vacuum at a high temperature for
a long time is needed.

On the other hand, since the ion conductor that is filled and
crosslinked inside the porous nanoweb support uses a small
amount of an organic solvent, and the organic solvent is
removed during the crosslinking process, the problem of
defect generation is improved, and the impregnability and the
convenience of the process are enhanced. Furthermore, the
ion conductor can be densely impregnated in the interior of
the porous nanoweb support. Furthermore, the dimensional
stability and tensile strength are improved as a result of the
crosslinking of the ion conductor.

The crosslinked ion conductor may be any one selected
from the group consisting of a crosslinked sulfonated poly-
imide, a crosslinked sulfonated polyarylethersulfone, a
crosslinked sulfonated polyether ether ketone, a crosslinked
sulfonated polybenzimidazole, a crosslinked sulfonated
polysulfone, a crosslinked sulfonated polystyrene, a
crosslinked sulfonated polyphosphazene, and combinations
thereof, but the crosslinked ion conductor is not intended to be
limited to these.

The crosslinked ion conductor may be a product obtained
by filling a compound represented by the following formula
(1) inside the porous nanoweb support, and then crosslinking
the compound:

[Chemistry Figure 1]

Zl—[-/—(—O—Xﬁa—/—(—O—SArﬁb—/—60—Arﬁc—/—60—Arﬁd—/-l—O—Zz
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In the formula (1), SAr, represents a divalent sulfonated
aromatic hydrocarbon; Ar, and Ar, each independently rep-
resent a divalent aromatic hydrocarbon; X represents a diva-
lent aromatic hydrocarbon containing a crosslinkable sub-
stituent; and Z, and Z, each independently represent a
crosslinkable substituent or a monovalent aromatic hydrocar-
bon containing a crosslinkable substituent.

The symbols a, ¢ and d each independently represent a
number from 0 to 0.999, and are each preferably a number
from 0.001 to 0.900. b represents a number from 0.001 to
1.000, and is preferably a number from 0.098 to 0.997. n
represents an integer from 10 to 500, and is preferably an
integer from 50 to 350.

In the formula (1), the symbol “/” is a symbol for distin-
guishing the respective units of the copolymer, and implies
that the respective units may be arranged regularly or irregu-
larly within a repeating unit.

Specifically, SAr; may be any one selected from the group
consisting of compounds represented by the following for-
mulas (2-1) to (2-4):

[Chemistry Figure 2-1]
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[Chemistry Figure 2-4]
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In the formulas (2-1) to (2-4), M* represents a counter
cation having a monovalent positive charge, and may be any
one selected from the group consisting of Na*, K*, an alky-
lammonium ion, and a proton.

The symbol e, represents an integer of 0 or 1; f, represents
an integer from 1 to 3; e, represents an integer of 0 or 3; f,
represents an integer from 1 to 3; e, represents an integer of 0
or 4; and {; represents an integer from 1 to 4.

Y, and Y, may be each independently any one selected
from the group consisting of a single bond,

}
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R, and R5 may be each independently any one selected
from the group consisting of a hydrogen atom, a halogen
group, an alkyl group having 1 to 5 carbon atoms, and a
perfluoroalkyl group having 1 to 5 carbon atoms.

Ar, and Ar, may be each independently any one selected
from the group consisting of compounds represented by the
following formulas (3-1) and (3-2):

[chemical Formula 3-1]
" (Bﬁ—

[Chemistry Figure 3-2]
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In the formulas (3-1) and (3-2), B, and B, may be each
independently any one selected from the group consisting of
a halogen group, an alkyl group having 1 to 5 carbon atoms,
and a perfluoroalkyl group having 1 to 5 carbon atoms, and
are each preferably a fluoro group.

g, to g5 each independently represent an integer from 0 to

Bz)

4.

Y, has the same meaning as defined in the description of
the compounds represented by the formulas (2-1) to (2-4),
and therefore, further specific descriptions thereon will not be
repeated here.

X may be any one selected from the group consisting of
compounds represented by the following formulas (4-1) and
(4-2):

[Chemistry Figure 4-1]

_R’Z £l

In the formulas (4-1) and (4-2), R'; and R', may be each
independently any one selected from the group consisting of

R,

|
Y| C =R,

Ry =Y, R

i

and R, to R; may be each independently any one selected
from the group consisting of a hydrogen atom, a halogen
group, an alkyl group having 1 to 5 carbon atoms, and a
perfluoroalkyl group having 1 to 5 carbon atoms; i represents
an integer from O to 2.

Y, and Y, have the same meanings as defined in the
description of the compounds represented by the formulas
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(2-1) to (2-4), and therefore, further specific descriptions
thereon will not be repeated here.

Z, and Z, each independently represent any one selected
from the group consisting of compounds represented by the
following formulas (5-1) to (5-4):

[Chemistry Figure 5-1]
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In the formula (5), B, to B; each independently represent
any one selected from the group consisting of a halogen
group, an alkyl group having 1 to 5 carbon atoms, and a
perfluoroalkyl group having 1 to 5 carbon atoms; h, toh, each
independently represent an integer from O to 4; R' has the
same meaning as defined in the description of the compounds
represented by the formulas (4-1) and (4-2), and therefore,
further specific descriptions thereon will not be repeated here.

The method for producing a polymer electrolyte mem-
brane according to another embodiment of the present inven-
tion includes a step of filling a crosslinkable ion conductor in
the pores of a porous nanoweb support, and crosslinking the
ion conductor filled in the pores of the porous nanoweb sup-
port.

FIG. 1 is a process flow diagram showing the method for
producing a polymer electrolyte membrane according to an
embodiment of the present invention. Hereinafter, the method
for producing a polymer electrolyte membrane will be
described with reference to FIG. 1.

The method for producing a polymer electrolyte mem-
brane includes a step of producing a porous nanoweb support
(S1); a step of dissolving a crosslinkable ion conductor in an
organic solvent, and thereby preparing an ion conductor solu-
tion (S2); a step of filling the ion conductor solution in the
pores of the porous nanoweb support (S3); and a step of
crosslinking the ion conductor (S4).

The step (S1) of producing a porous nanoweb support
includes processes of dissolving a precursor in a spinning
solvent to prepare a spinning solution, spinning the spinning
solution thus prepared to produce a porous nanoweb com-
posed of nanofibers having an average diameter of 0.005 pm
to 5 um, and then treating the nanoweb thus produced by a
post-treatment.
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It is preferable to produce the porous nanoweb support
through an electrospinning process in order to obtain a thin
film having a high porosity and fine pores, but the process is
not limited thereto.

The porous nanoweb support can be produced by spinning
any one selected from the group consisting of nylon, polyim-
ide, polybenzoxazole, polyethylene terephthalate, polyethyl-
ene, polypropylene, polytetrafluoroethylene, polyarylene
ether sulfone, polyether ether ketone, copolymers thereof,
and combinations thereof.

On the other hand, a porous nanoweb material which is
insoluble in organic solvents cannot be directly produced
through an electrospinning process. That is, a polyimide or
polybenzoxazole that can form a porous nanoweb does not
easily dissolve in organic solvents such as N-methyl-2-pyr-
rolidone (NMP), dimethylformamide (DMF), dimethylaceta-
mide (DMA) and dimethyl sulfoxide (DMSO), and accord-
ingly, it is difficult to prepare a spinning solution from the
materials.

Therefore, a porous nanoweb support which is insoluble in
organic solvents can be produced by first producing a precur-
sor nanoweb using a precursor that is highly soluble in an
organic solvent, and then treating the precursor nanoweb thus
produced by a post-treatment so as to prevent the precursor
nanoweb from dissolving in the organic solvent.

Examples of the post-treatment method for producing a
non-soluble porous nanoweb from the precursor nanoweb
support, include a heat treatment method and a chemical
treatment method. Particularly, the heat treatment method can
be carried out using a hot press set at a high temperature and
a high pressure.

The production of a porous nanoweb support using a poly-
imide may be specifically described as follows.

A polyimide porous nanoweb support can be produced by
electrospinning a polyamic acid precursor to form a nanoweb
precursor, and then imidizing the nanoweb precursor using a
hot press.

More specifically, a polyimide porous nanoweb support
can be produced by dissolving a polyamic acid in tetrahydro-
furan (THF) solvent to prepare a precursor solution; discharg-
ing the precursor solution through a spinning nozzle while a
high voltage of 1 to 1,000 kV is applied at a temperature of
20° C. to 100° C., to form a polyamic acid nanoweb on a
collector; and then heat treating the polyamic acid nanoweb
with a hot press set to a temperature of 80° C. to 400° C.

The porous nanoweb support can improve the heat resis-
tance, chemical resistance and mechanical properties of the
polymer electrolyte membrane, as compared with polymer
electrolytes produced only from ion conductors.

The crosslinkable ion conductor is filled in the pores of the
porous nanoweb support (S3). Since the description on the
crosslinkable ion conductor is the same as the description
given for the polymer electrolyte membrane according to an
embodiment of the present invention, and therefore, further
specific descriptions thereon will not be repeated here.

However, the weight average molecular weight of the
crosslinkable ion conductor may be 1,000 g/mol to 50,000
g/mol, and is preferably 5,000 g/mol to 20,000 g/mol. When
the weight average molecular weight of the ion conductor is a
low molecular weight in the range described above, the pen-
etration of the ion conductor into the pores of the porous
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nanoweb support is facilitated, and the impregnability can be
further improved. In regard to the method of filling, an ion
conductor solution can be prepared by dissolving the
crosslinkable ion conductor in a solvent (S2), and then the ion
conductor solution can be used to fill in the pores (S3). In the
case of utilizing the immersion process described above, it is
preferable to carry out the immersion process two to five
times for 5 to 30 minutes at normal temperature.

For the process of filling the crosslinkable ion conductor in
the pores of the porous nanoweb support, an immersion pro-
cess or an impregnation process can be used, but the process
is not limited thereto, and various methods that are known in
the pertinent art, such as a lamination method, a spraying
method, a screen printing method, and a doctor blade method
can be utilized.

Subsequently, the ion conductor filled in the pores of the
porous nanoweb support is crosslinked (S4). The crosslinking
of the ion conductor can be achieved by applying heat at a
temperature of 150° C. to 200° C., and preferably 150° C. to
180° C. If the crosslinking temperature is higher than 200° C.,
sulfonic acid may be decomposed, and if the temperature is
lower than 150° C., the crosslinking reaction may not occur.
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applied, and thereby a polyamic acid nanoweb precursor was
formed. Subsequently, the nanoweb precursor was heat
treated in an oven at 350° C. for 5 hours, and thus a polyimide
porous nanoweb support having an average thickness of 15
um was produced. At this time, the electrospinning process
was carried out using a spray jet nozzle at 25° C. while a

voltage of 30 kV was applied.

The polyimide porous nanoweb support thus produced
contained nanofibers having an average diameter of 1 pm and
pores having an average diameter of 2 um, and had a porosity
of 90%.

An ion conductor represented by the following formula (6)
was dissolved in N-methyl-2-pyrrolidone (NMP), and thus a

10 wt % ion conductor solution was prepared.

[Chemistry Figure 6]

oo tt-oy

Mode For Invention

Hereinafter, the present invention will be described more
specifically by way of Examples and Comparative Examples.
However, the following Examples are only for illustrative
purposes, and are not intended to limit the scope of rights of
the present invention by any means.

PREPARATION EXAMPLE
Preparation of Polymer Electrolyte Membrane
Example 1

A polyamic acid/THF spinning solution at a concentration
of 12 wt % was electrospun while a voltage of 30 kV was

O—wn=—0
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wherein in the formula (6), there are 10 to 500 repeating units.

The porous nanoweb thus produced was immersed in the
ion conductor solution. Specifically, the immersion process
was carried out three times for 20 minutes at normal tempera-
ture, and at this time, a reduced pressure atmosphere was
applied for about one hour to eliminate fine gas bubbles.
Thereafter, the ion conductor was crosslinked by heating the
ion conductor at 175° C., while NMP was removed. Thus, a
polymer electrolyte membrane was produced.

Example 2

A polymer electrolyte membrane was produced in the
same manner as in Example 1, except that an ion conductor
represented by the following formula (7) was used as the ion
conductor.

[Chemistry Figure 7]
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-continued

OO,

e}

wherein in the formula (7), 0.3=x=1.0; and y=1-x.
Reference Example

A polyamic acid/THF spinning solution at a concentration
of 12 wt % was electrospun while a voltage of 30 kV was
applied, and thereby a polyamic acid nanoweb precursor was
formed. Subsequently, the nanoweb precursor was heat
treated in an oven at 350° C. for 5 hours, and thus a polyimide
porous nanoweb support having an average thickness of 15
um was produced. At this time, the electrospinning process
was carried out using a spray jet nozzle at 25° C. while a
voltage of 30 kV was applied. Sulfonated polyether ether
ketone (S-PEEK) was dissolved in N-methyl-2-pyrrolidone
(NMP), and thus a 10 wt % ion conductor solution was
prepared.

The porous nanoweb support thus produced was immersed
in the ion conductor solution. Specifically, the immersion
process was carried out three times for 20 minutes at normal
temperature, and at this time, a reduced pressure atmosphere
was applied for about one hour to eliminate fine gas bubbles.
Thereafter, the immersed porous nanoweb support was dried
in a hot air oven maintained at 80° C. for 3 hours to remove
NMP. Thus, a polymer electrolyte membrane was produced.

Experiment Example 1

Analysis of Properties of Produced Porous Nanoweb
Support

The properties of the porous nanoweb supports produced in
the Examples and Reference Example as described above
were measured according to ASTM 638. The results are pre-
sented in the following Table 1. At this time, specific mea-
surement conditions are as follows.

Tensile speed: 25 cm/min

Grip distance: 6.35 cm

Temperature and humidity: 25° C.x50%

TABLE 1
Type Strength (MPa)  Elongation (%)  Elastic modulus (MPa)
PI support 40 5 2500

Experiment Example 2

Analysis of Properties of Produced Polymer
Electrolyte Membrane

The properties of the polymer electrolyte membranes pro-
duced in the Examples and Reference Example as described
above were measured. The results are presented in the fol-
lowing Table 2.

1) Measurement of Water Uptake

Each of the polymer electrolyte membranes thus produced
was immersed in ultrapure water for 24 hours, and then was
removed therefrom to measure the weight of the membrane in
a wet state (W,,.,). An identical polymer electrolyte mem-
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brane was dried in a vacuum state at 100° C. for 24 hours, and
then the weight of the membrane in a dry state (W,,,) was
measured. Thus, the water uptake of the membrane was cal-
culated according to the following formula:

Water uptake(%6)=((W,, .~ Wz, ) Wz,,)x 100

2) Measurement of Swelling Ratio

Each of the polymer electrolyte membranes thus produced
was immersed in ultrapure water for 24 hours, and then was
removed therefrom to measure the area (1,,.,) or thickness
(t,..,) In a wet state. An identical polymer electrolyte mem-
brane was dried in a vacuum at 100° C. for 24 hours, and then
the area (1) or thickness (t,,,) in a dry state were measured.
Thus, the swelling ratio of the membrane was calculated
based on the area and the thickness according to following
formulas, respectively:

Swelling ratio(Al, %)=((, e~ 4, )/14,,)%x100

Swelling ratio(Az, %)=((t,ye 4, )/t 4,,)x100

TABLE 2
Water Tensile Swelling ratio
IEC uptake  strength %
Type (meq/g) (%) (MPa) At (%) Al (%)
Example 1 2.00 5 30 2 3
Example 2 2.00 7 35 3 3
Reference Example 2.00 17 20 15 7

According to the above Table 2, in the polymer electrolyte
membrane produced in the Reference Example, the dimen-
sional stability in the thickness direction was not improved,
due to the swelling of the surface layer. However, it can be
seen that in the polymer electrolyte membranes produced in
Examples 1 and 2, since the surface layers were also
crosslinked, swelling did not occur in the surface layers, and
the dimensional stability was improved.

3) Fenton Test

Each of the polymer electrolyte membrane thus produced
was immersed in a Fenton’s solution, which was prepared by
2 ppm of iron sulfate heptahydrate to a 3 wt % hydrogen
peroxide solution, and then the occurrence of deterioration of
the membrane caused by radicals was observed at 80° C. for
adetermined time period. Thereafter, the weights of the mem-
brane before and after the immersion were measured. The
results are presented in the following Table 3.

TABLE 3
Retention time Weight change
Example 1 10 hours or longer No weight change
Example 2 10 hours or longer No weight change

Reference Example 10 hours Not measurable

According to the results of the above Table 3, in the poly-
mer electrolyte membrane produced in the Reference
Example, it was impossible to measure the weight because
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the membrane was degraded after 10 hours of immersion in
the Fenton’s reagent. However, in the polymer electrolyte
membranes produced in Example 1 and Example 2, no weight
change was observed even after the membranes had been
immersed for 10 hours or more in the Fenton’s reagent. From
these results, it can be seen that the polymer electrolyte mem-
branes according to Example 1 and Example 2 had excellent
resistance to radicals, and thus exhibited improved dimen-
sional stability.

The invention claimed is:

1. A method for producing a polymer electrolyte mem-
brane, the method comprising:

filling a crosslinkable ion conductor in the pores of a

porous nanoweb support; and

crosslinking the ion conductor filled in the pores of the

porous nanoweb support, wherein the crosslinkable ion
conductor comprises one selected from the group con-
sisting of a sulfonated polyimide (S-PI), a sulfonated
polyarylethersulfone (S-PAES), a sulfonated polyether
ether ketone, (S-PEEK), a sulfonated polybenzimida-
zole (S-PBI), a sulfonated polysulfone (S-PSU), a sul-
fonated polystyrene (S-PS), a sulfonated polyphosp-
hazene, and combinations thereof.

2. The method for producing a polymer electrolyte mem-
brane according to claim 1, wherein the crosslinking of the
ion conductor is carried out by applying heat at a temperature
of 150° C. to 200° C.

3. The method for producing a polymer electrolyte mem-
brane according to claim 1, wherein the crosslinkable ion
conductor has a weight average molecular weight of 1,000
g/mol to 50,000 g/mol.

4. The method for producing a polymer electrolyte mem-
brane according to claim 1, wherein the crosslinkable ion
conductor contains one crosslinkable substituent selected
from the group consisting of a monovalent aliphatic hydro-
carbon containing a carbon-carbon triple bond, a monovalent
aliphatic hydrocarbon containing a carbon-carbon double
bond, an epoxy group, and combinations thereof, at any posi-
tion selected from the group consisting of the main chain, the
chain ends, and combinations thereof.

5. The method for producing a polymer electrolyte mem-
brane according to claim 1, wherein the crosslinkable ion
conductor is a compound represented by the following for-
mula (1):

[Chemistry Figure 1]

2yt 0— X9 O—SAr 57+ O— ArpyrA- O— Any /-0~ 7

wherein in the formula (1),

SAr, represents a divalent sulfonated aromatic hydrocar-
bon;

Ar, and Ar, each independently represent a divalent aro-
matic hydrocarbon;

X represents a divalent aromatic hydrocarbon containing a
crosslinkable substituent;

Z, and Z, each independently represent a crosslinkable
substituent or a monovalent aromatic hydrocarbon con-
taining a crosslinkable substituent;

a, ¢ and d each independently represent a number from Oto
0.999; b represents a number from 0.001 to 1.000; and

n represents an integer from 10 to 500.

6. The method for producing a polymer electrolyte mem-

brane according to claim 5, wherein SAr, represents one
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selected from the group consisting of compounds represented
by the following formulas (2-1) to (2-4):

[Chemistry Figure 2-1]
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[Chemistry Figure 2-2]

[Chemistry Figure 2-3]
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[Chemistry Figure 2-4]
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, and Ar, each independently represent any one selected
from the group consisting of compounds represented by
the following formulas (3-1) and (3-2):

[
QAN
(Blﬁgl_:/\;%*

-Gt

X represents any one selected from the group consisting of
compounds represented by the following formulas (4-1)
and (4-2):

%

Chemistry Figure 3-1]

[Chemistry Figure 3-2]

[Chemistry Figure 4-1]

[Chemistry Figure 4-2]
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7, and 7, each independently represent any one selected

from the group consisting of compounds represented by
the following formulas (5-1) to (5-4):

[Chemistry Figure 5-1]
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-continued
[Chemistry Figure 5-3]
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[Chemistry Figure 5-4]
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wherein in the formulas (2) to (5),

B, to B; each independently represent any one selected
from the group consisting of a halogen group, an alkyl
group having 1 to 5 carbon atoms, and a perfluoroalkyl
group having 1 to 5 carbon atoms;

R', and R', each independently represent any one selected
from the group consisting of

Il{l R, R, 0
Y, T —Rj3, — and *_A;
Ry / *—Y, R3
1

M* represents a counter cation having a monovalent posi-
tive charge;
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e, represents an integer of O or 1; f; represents an integer
from 1 to 3;

e, represents an integer of O or 3; f, represents an integer
from 1 to 3;

e, represents an integer of O or 4; f; represents an integer
from 1 to 4;

g, to g5 each independently represent an integer from 0 to

h, to h, each independently represent an integer from O to

i represents an integer from 0 to 2;

Y, and Y, each independently represent any one selected
from the group consisting of a single bond,

and

R, to Ry each independently represent any one selected
from the group consisting ofa hydrogen atom, a halogen
group, an alkyl group having 1 to 5 carbon atoms, and a
perfluoroalkyl group having 1 to 5 carbon atoms.

#* #* #* #* #*



